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The discovery by Hasuda et al. that tungsten hexachloride initiates

polymerization of phenylatetylene1 suggests the following proposition:

that phenylacetylene may eifectively replace the highly reactive organo-

aluminum component in the mixture with tungsten hexachloride that is

the archetypical2 *and still standard initiator for olefin metathesis.
3

For if the metal-catalyzed polymerization of acetylenes is an olefin

metathesis, 4- 6 a metallic compound that induces an acetylene to

polymerize should itself be induced by the acetylene to metathesize

olefins. The idea was demonstrated recently with phenylacetylene

plus (phenylmethoxycarbene)pentacarbonyltungsten.6  It is shown here

also for phenylacetylene plus tungsten hexachloride, a combination that

is more available, acts faster, induces fair stereoselectivy, and can be

used unprotected in the atmosphere.
7

Fig I Figure 1 shows phenylacetylene's effect on the metathesis of

cis-2-pentene 14 according to eq 115 As phenylacetylene is added, the

CH3CHCHC2H5 + WCI 6 + C6H5CBCH
200 :1I: x (1)

C6H5CI

C 6 H C o ( C H C H 4 3. + ( Y C2 H N V

amount of reaction, negligible in its absence, rises dramatically

and then falls. Complete reaction is easily achieved, but only when

the amount of acetylene is appropriate.

Table I Table I similarly shows phenylacetylene's ability to stimulate

tungsten hexachloride to polymerize three cyclic olefins (eq 2), reactions

that (as seen in the table) occur inavoreciably, if at all, when

.... ... • . " , "
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Fu . The extent of reaction according to eq I as a function of x.

precent metathesis is recorded as 200r/(1 + 2r), where r is the ratio in

moles of either 2-butene to 2-pentene or 3-hexene to 2-pentene. The

bars span the two values associated with r measured in the two ways.
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+' WCI 6 + P615 cM4 -(2)

2 O I : X n

phenylacetylene is absent. That the polymers formed are indeed

polyalkenamers, not saturated vinyl polymers, is attested to by their

IH NHR spectra displaying only the required resonances and

intensities. The latter measure contamination by saturated hydrocarbon

amounting to no more than 4-9% (±4%).

Table II Table 1I shows that for cyclopentene, as for 2-pentene, while small

amounts of phenylacetylene induce metathesis, larger amounts quench

reaction. The decreased molecular weights (also recorded there) when the

amount of acetylene is large imply that growing chains rather than

initiating centers are being extinguished. This termination may involve

eq 3, the transformation of a simpler metal-carbene into one more highly
66

substituted and with conjugating groups. One might speculate that

the initiation involves eq 4, possibly accompanied by

+ C 6 H 5 C=CM (3)

wc1 5wo 4  (4)

-CWC-+ WI6  - -C-CCl- - -C-CC 2-

,I



reaction with additional acetylene reducing the tungsten's oxidation

state.
1 8

A hypothesis associating diminished stereoselectivity with the

presence of Lewis acids3e ,1 9 suggests that stereoselectivity should

increase when an aluminum halide is replaced by phenylacetylene and

decrease when (phenylmethoxycarbene) pentacarbonyltungsten is replaced

by tungsten hexachloride. The stereoselectivities recorded in Table II

and the stereochemistries of the 2-butenes (initially 69.6% cis) and

3-hexenes (initially ca. 54% cis) in Figure 1 accord with this hypothesis. 
20
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